CONVERSION FACTORS, VERTICAL DATUM, AND COORDINATES
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INTRODUCTION
Borehole UE 25 UZ#16, hereinafter referred to as UZ#16, is the first of two boreholes that may be used for vertical seismic profiling (VSP) to support site characterization of the unsaturated zone (UZ) at Yucca Mountain in southern Nevada ( fig. 1 ). Vertical seismic profiling measurements will be made after a string of geophones is cemented into the borehole.
Borehole Location
The location for this borehole was selected on the basis of the following: (1) Initially, an approximate location was determined where key structural features may be mapped using VSP. The key features were the Ghost Dance fault and the imbricate fault structure (Scott and Bonk, 1984) . Both features are along the eastern flank of Yucca Mountain.
(2) A two-dimensional computer and physical model simulation (Cunningham, 1988) was conducted to determine the approximate location. The simulations were made on an east-west cross section of Yucca Mountain that went through borehole USW UZ-6. The coordinates of UZ-6 are lat 36°50'14"N., long 116°28'03"W., which is located on the crest of Yucca Mountain. Surface-to-borehole seismic ray path propagations were simulated to determine a borehole location that would maximize the chance of delineating and imaging the key structural features. The model components used in the ray path simulation were constructed from information contained in the preliminary geologic report of Yucca Mountain by Scott and Bonk (1984) . (3) Finally, the borehole was located at the intersection of two drainages along the western margin of the imbricate fault structure of Scott and Bonk (1984) (fig. 1 ). The location was chosen to have favorable terrain for transportation and to minimize the cost for constructing the drilling pad.
Detailed specifications of the borehole location are as follows: 
Purpose and Scope
This report is intended to be used as: (a) a reference for drilling similar boreholes in the same area; (b) a data source for possible future studies on this borehole; and (c) a reference for information that is available from this borehole. It contains information collected while borehole UZ#16 was drilled, logged, and tested (March 27, 1992 , to April 22, 1994 .
Two sets of data were to be collected from this borehole: (1) pre-placement, and (2) post-placement of geophones. Data collected prior to placing the geophones were (a) lithology and fault locations (from the cores, cuttings, and fracture logs); (b) fracture locations (from the cores); (c) hydrochemical characteristics of the ground water (from cores, down-hole water samples, and geochemical logs); (d) geophysical data (from borehole logs); (e) depths of ground-water occurrences (from cores and down-hole water level measurements); (f) hydrologic properties of the matrix (from core measurements); and (g) air-permeability measurements (from down-hole measurements). All the above-mentioned data sets except the last two will be discussed and/or referenced in this report. Data that were collected after placing the geophones are (a) vertical seismic profile (from geophones); (b) fluctuations in the level of ground water (from down-hole measurements through a central tubing); and (c) hydrochemical characteristics of the ground water (from down-hole water samples). None of the data sets collected after placing the geophones will be discussed in this report.
Information in this report is organized as follows: (a) a description of the drilling, logging, and testing operations which includes chronology, equipment, drilling parameters, coring methods, penetration and recovery rates, borehole completion information, and drilling problems and corrective actions; (b) a list of data available from this borehole which includes lithology, fracture logs, borehole logs, and water occurrences; and (c) a list of other information sources that are available from this borehole is presented in appendix.
QUALITY-ASSURANCE INFORMATION AND DATA RECORDS
Work on this borehole was conducted under a documented quality-assurance program and was approved by the U.S. Department of Energy (DOE) on January 29, 1991. The sources of data used in this report are reported in appendix 1 with the appropriate data tracking numbers.
DRILLING
Initial Plan and Changes
The initial plan was to continuously dry-core this borehole with a 4.38-inch OD, 2.4-inch ID coring bit. After every four core runs, the borehole was to be reamed with a 12.25-inch OD, 4.5-inch ID open-center reaming bit. The targeted depth was 1,663 ft (or 40 ft below the water table, whichever was greater). A 16-inch OD surface casing for wall support was planned at a depth of approximately 5 ft below the alluvium/colluvium tuff contact. The rest of the borehole was to be left open. The borehole was to be drilled dry to preserve in place geochemical and physical conditions. Two main events took place during the drilling operation: (1) change of drilling equipment and method to prevent excessive borehole deviation; and (2) encounter of ground water close to the bottom of the borehole.
Chronology and Equipment
Drilling chronology and borehole information were as follows:
Spud 8.3 ft/shift The whole borehole was continuously cored with some exceptions that will be discussed in the section "Core Specifications and Recoveries." The true vertical depth is about 1 ft less than the measured depth due to borehole deviation. The estimated penetration rate before drilling started was 10 ft/shift. Drilling was not terminated until it was certain the saturated zone was penetrated, as originally desired. The final depth was 81 ft below the potentiometric surface level. Two years after the borehole was completed, the depth of the bottom was measured at 1,625 ft, which was caused by caving (see section on "Stability of Borehole" for more details).
Drilling equipment and parameters were as follows: cones facing out; OD= 12.25 inches; ID= 4.5 inches. Solids-Removal System: One cyclone followed by one dust filtration system Air was used as a drilling fluid; it was tagged with sulphur hexafluoride (SF6) at 0.75 to 2.5 parts per million by volume (ppm) which was used as a tracer to detect the extent of formation contamination with the drilling fluids. Before entering the drill pipe, the air was passed through a coalescing filter unit to eliminate oil vapors from it. The flowing air pressure at the surface was between 80 and 120 psi with a 2-inch orifice in-line. The circulation method is called "reverse" because the drilling fluid was circulated down through the annulus and exhausted through the central pipe which is opposite to that used in conventional drilling methods. This circulation method was chosen to minimize formation contamination (see section on "Contamination of Formation with Drilling Fluid" for more details). The drilling fluid (air) was not circulated back in the hole; it was exhausted to the atmosphere. Fresh air was always used for injection (see section on "Emission of Dust" for further details). No water or water mist was added to the injected air. The solids-removal system was used for dust control to meet environmental regulations at the drilling site. The cyclone in the solids-removal system also was used to collect sample cuttings.
Core Specifications and Recovery
Cores were obtained from this borehole as follows:
Number Labeled and boxed; heavily broken sections were saved in plastic tubes; the rest was kept unwrapped in boxes.
All cores were handled by personnel from the SMF. The whole borehole was cored except the interval from 1,199.58 to 1,201 .26 ft (1.68 ft), which was drilled; however, not all the core was available since core recovery rate in some cases was less than 1.0, which is explained later in this section. The core saved at the SMF was used for fracture mapping (see section on "Fracture Logs" for more information). Ream cuttings also were collected; some samples were used for determining the water age. The rest of the cuttings were stored at the SMF.
Core recovery was as follows: Total cored length: Total length of recovered core: Overall Recovery Rate:
1,684.48ft 1,451.66ft 0.86 excluding the drive core between 0 to 30.30 ft (minimum = 0.000; maximum = 2.150)
Core recovery problems are discussed in the section on "Loss of Core." The frequency distribution of the recovery rates is shown in figure 3 . Recovery rates over 1.0 were observed for the following reasons:
a. Length measurements of cores retrieved at the surface were not accurate because the cores usually were broken in several places along natural and drilling-induced fractures. For this reason, it was possible to measure core lengths slightly longer than the lengths of their corresponding cored intervals. Assuming core length expansion due to breakage does not exceed 0.05, of the 332 core runs, only 14 cores had recovery rates over 1.05; b. Of the 14 cores with core recovery rates over 1.05, all except two followed cores with shortages equal to or greater than the extra length measured in the successive core; that is, the bottom parts of previous cores were retrieved by the cores that followed; c. The core made in the depth interval from 62.88 to 65.89 ft (3.07 ft) on June 17, 1992, had a recovery rate of 2.15 (6.6 ft), or 3.53 ft extra core. This core was started after finishing a ream cycle. The core bit touched the bottom of the borehole at 58.39 ft because of fill material that fell to the bottom after the ream cycle was finished. Part of the recovered core was from the fill material, which caused an increase in the calculated recovery rate.
d. The core made in the depth interval 648.16 to 655.05 ft (6.89 ft) on August 26,1992, had a recovery rate of 1.10 (7.6 ft), or 0.71 ft extra core. The preceding core was 0.4 ft short. Therefore, the extra length measured from this core was 0.71 -0.4, or 0.31 ft, which is within the assumed measurement error of 0.05 of the cored length. After the final depth was reached, a weather-proof wellhead was installed. The wellhead was a metal pipe, 48 inches in diameter and 60 inches tall. A metal bottom also was installed and was welded to the surface casing. The top of the wellhead pipe protruded 12 inches above the ground level. The top of the wellhead pipe was equipped with a flange and a removable steel cover that was bolted to the flange. The section of the borehole below the surface casing was kept open in preparation for well logging, permeability measurements, and VSP instrumentation.
Drilling Problems and Corrective Actions
Contamination of Formation with Drilling Fluid
The objective of the drilling method used was to minimize physical and geochemical alterations to the surrounding rock. Conventional drilling techniques were not considered adequate because drilling fluids are applied at positive pressures along the whole length of the borehole. The dual-wall drilling pipe and reverse circulation technique used to drill UZ#16 minimized in-situ alteration of the properties.
1. Except for the bottom part, the dual-wall pipe restricted the drilling fluid (air) flow paths to the inner pipe and annulus of the dual-wall pipe. Only the bottom part was exposed to flowing drilling fluid.
2. With the reverse circulation method, the return flow rate was maintained above the injection flow rate. This combination was expected to have minimized the amount of drilling fluid that may have entered the formation.
3. Impurities, such as water and oil, were filtered out of the air prior to injection. No water or water mist was mixed with the injected air because dry air was adequate to clean the borehole. The air was tagged with a tracer to detect the contamination levels during pumping tests.
Emission of Dust
Because air was used as the drilling fluid, dust was produced at the surface. Environmental regulations at the drilling site dictated that the exhausted air be visibly free of dust particles. A two-stage dust separation system was successfully used.
1. The first stage consisted of one cyclone that collected the large pieces. It also separated the water when water was encountered at the bottom part of the borehole. This cyclone also was used to collect cutting samples when drilling was stopped.
2. The second stage consisted of a baghouse filter that collected most of the dust particles before the air was exhausted to the atmosphere by the vacuum pump.
Stability of Borehole
Borehole wall stability was a concern at UZ#16 for two reasons: (1) the borehole was dry-drilled; drilling mud was not present to support the borehole walls, and (2) the borehole was to be kept open for instrumentation (except the top 53 ft). While drilling, tight sections were redrilled. Below the depth of 919 ft, an open-center reaming bit with three cones facing in and three cones facing out was used. This bit design provided the ability to drill upward and free the drilling string in case the borehole caved in above the bit; this feature was not used because the borehole did not cave in above the bit.
This borehole was drilled to a depth of 1,686.16 ft. Nearly 2 years after its completion and prior to instrumenting the borehole, the bottom was tagged at 1,625 ft. This reduction in depth was caused by cave-in material filling the bottom of the borehole. The VSP instrumentation string was shifted upward to bypass the bottom section.
Loss of Core
The main cause for core loss was thought to be the slippage of naturally unconsolidated or fractured cores past the core catcher when the cores were retrieved. The core catcher was located at the bottom end of the core barrel. Other factors may have affected core loss, such as drilling parameters (weight-on-bit, rotating speed of bit, and bottom-hole cleaning efficiency); however, these parameters were not analyzed because the core recovery rate did not continuously decline; it kept fluctuating as shown in the "Summary of Drilling and Completion" at the end of this section. The overall recovery rate below the surface casing was about 0.86, which was sufficient to make lithologic, fracture, and other studies that required cores.
Deviation of Borehole
A plumb borehole is required to prevent the downhole instrument stations from coming into contact with the walls of the borehole. Excessive contact with the walls during installation may cause two problems: (1) A change in the orientation of the geophones as they are lowered into the borehole (the geophones are to be oriented at a particular directions during installation), and (2) Loss of effective coupling between the geophones and the wall rock if voids develop during grout emplacement. The preset limit on deviation was 3 degrees. Bottom-hole measurements were planned every 100 ft; this value was later increased after deviation stabilized.
Between the depths of 536 and 757 ft, the deviation increased from less than 1 degree to over 2 degrees. Although borehole deviation did not reach the preset limit, deviation control was started at the depth of 759 ft using the following measures:
1. Mast of rig was surveyed once each week to ensure it was plumb. When measurable movement stopped, mast surveying was terminated.
2. Bottom-hole reaming assembly was changed. Initially, the open-center reaming bit was replaced with a tri-cone bit attached to an adapter sub between the dual-wall pipe and the bit. This method allowed the cuttings to circulate across the formation face for about 30 inches (between the bit and the intake opening of the dual-wall pipe). Later, both types of bits (open-center and tri-cone) were interchanged until the depth of 919 ft was reached. After 919 ft, the tri-cone bit was used until total depth was reached.
3. Length of core runs was reduced to less than 20 ft.
Results of the deviation measurements are listed in the "Summary of Drilling and Completion" section next to coring and core recovery rates at the end of this section.
Plugging of Drill String
Plugging of the surface exhaust pipes and central part of the dual-wall drill string happened several times. Two types of plugs were observed during this operation: (1) Dry plugs, which usually occurred when unconsolidated or weak sections were reamed and large pieces of rock were drawn into the central pipe of the dual-wall drill string, and (2) Wet plugs, which occurred when wet sections (where ground water was encountered) were reamed. The wet cuttings formed mud rings along the central pipe of the dual-wall drill string. Surface sections were unplugged by disconnecting and cleaning them. Down-hole sections were cleared using two methods: (1) Pounding the plug with a sinker bar several times until the plug was knocked down. This method was used with the dry plugs only; or (2) Drilling the plug with the coring string. This method was used with wet and dry plugs to unplug the central part of the dual-wall pipe.
Objects Lost in the Borehole
Several items fell in borehole UZ#16. Most of the items were retrieved except the following: October 21, 1993 Attempts to retrieve the above-mentioned items prior to borehole instrumentation were not successful; they were left in the borehole because their presence did not affect borehole instrumentation. The lost items were eventually buried by cave-ins. Figure 4 shows a diagrammatic of borehole UZ#16 after its completion. Figure 5 shows the drilling rate per core run, core recovery rate, and down-hole deviation surveys next to a lithologic log. The lithology is from Geslin and others (1995) .
Summary of Drilling and Completion
LOGGING
With some exceptions, geophysical logs made before the borehole was completed were considered nonquality affecting because they were made to support the drilling operations. Geophysical well logs made after borehole completion were considered quality affecting. -1300 Figure 5. Lithology, drilling rate, core recovery rate, and down-hole deviation measurements in borehole UE-25 UZ#16. Lithology from Geslin and others (1995) . [ elev: elevation, in feet; ft: foot; min: minute; %: percent]. Figure 6 shows a lithologic log of UZ#16 that was modified from Geslin and others (1995, p. 38-39) ; this reference also lists the lithologic logging methods and criteria used for contact selection.
Lithologic Log
Fracture Logs
Two fracture logs, a preliminary and a detailed, were made from the recovered core. Both are described, and a comparison of the two is presented.
Preliminary Log
Fracture data were first recorded at the drilling site as soon as the cores were retrieved to the surface and before they were packaged. At the drilling site, priority was given to core preservation, distribution to other participants, and storage (see section on "Core Specification and Recovery"); fracture logging was given a secondary priority during this operation.
Not all core was available for logging because full core recovery was not achieved (see section on "Core Specification and Recovery"). In addition to the lost core, some core was distributed to other participants; however, the distributed core was mostly solid pieces with little or no loose fractures (fractures that did not fall apart when retrieved), although some pieces had intact fractures. The effect of this removal on the calculated fracture frequencies has not been studied yet.
Onsite fracture logs were considered quality affecting after August 20, 1993. Because onsite fracture data from UZ#16 were collected before this date, the data presented in this section were not considered quality affecting when they were collected.
The number of visible fractures (loose and intact) per retrieved core was the only measured parameter. There was no preset limit on the length of fracture trace as the case was in the detailed study (see section on "Detailed Log"). Exceptions in fracture consideration were:
1. Fractures in rubble zones were not individually counted; 2 fractures per 0.1 ft (or 20 fractures per foot) were assumed; and 2. Fractures identified as drilling-induced were not counted; however, drilling-induced fractures that could not be distinguished from natural fractures were counted.
The number of fractures per 5-ft interval was tabulated. Where there was missing core, the number counted in the retrieved core was assigned to the whole 5-ft interval. If all the core was missing in a 5-ft interval, then the number of fractures was labeled as not available (NA). Table 1 lists the distribution of average fracture frequencies in the different formations in UZ#16. Figure 7 shows the distribution graphically. No adjustments were made for the missing core. Figure 8 shows the core recovery rate and number of counted fractures per 10-foot interval relative to depth.
Drill hole : UE-25 UZ #16
Data Tracking Number: GS931208314211.047
Zones of welding (W)
Zones of crystallization (C) gflgj Devitrified / Devit. + vapor-phase mins.
[ |jj| Vitric / Vitric + vapor-phase mins. 
Detailed Log
A more detailed fracture log was made using core archived at the SMF. Not all the core was archived at the SMF. Some core was not retrieved as discussed in the section on "Core Specification and Recovery"; some of the retrieved core was distributed to other participants. Core distribution after it was first archived and before this detailed fracture log was conducted may have taken place. Details of such distribution was not considered essential because sections with missing core were identified when the detailed study was made. The core available for this log is listed below:
Total length of core stored at the SMF (when this fracture log was Video logs of cores were not used to study sections with missing cores because (1) the quality of the images was not good enough; some fractures that were visible on the cores were not visible on the video images, and (2) the images were made along one side of the core. A thorough core examination requires the inspection of all the core surfaces.
The following types of fractures and joints were observed, recorded, and included in the fracture count: 1. Extension joints with and without vapor-phase mineralization 2. Shear joints with slickensides 3. Vuggy veinlets (tubular structures usually associated with cooling joints) 4. Breccia The following fractures were observed and excluded from the fracture count:
1. Drilling-induced fractures (when identified): these fractures were identified according to the methods described by Kulander and others (1990) . In some cases where the fracture surfaces were not mineralized or discolored, the differentiation between natural and drilling-induced fractures was difficult or impossible; hence, some of these fractures may have been considered natural and included in the fracture count.
2. Natural fractures with traces smaller than the core diameter: these fractures greatly outnumbered the larger fractures. They were excluded from this analysis because they did not connect with neighboring fractures and were not considered important for fluid transport.
3. In the vitrophyre zone (1,111.2 ft to 1,165.2 ft), only major fractures were recorded; that is, when a fracture was surrounded by a shattered zone with parallel fractures, only the central fracture was recorded as one fracture.
Fracture parameters and measuring tools used for the detailed fracture log were: a. Fracture (intact or loose) location relative to depth (with a ruler); b. Apparent dip (with a protractor) c. Fracture aperture (with a ruler) d. Vug presence and dimension (with a ruler) e. Fracture filling type (with a microscope) Dip measurements were not corrected for borehole deviation; such a correction was not considered necessary because the deviation did not exceed 3 degrees (see section on "Deviation of Borehole"). The identification and examination of vuggy fractures were limited to vugs that were visible along fracture traces or vugs in loose fracture planes; planes of intact fractures were not forced open to preserve their integrity for possible future studies. Fracture-plane orientations (strikes) were not measured because the core was not oriented. Table 2 lists distribution of average fracture frequency in the different formations in UZ#16. Figure 9 shows the distribution graphically. Figure 10 shows the available core used for this study, number of recorded fractures, number of vuggy fractures, and the median apparent dip relative to depth. For plotting purposes, the following was done:
1. The number of fractures per 10-ft interval was calculated; no adjustments were made for missing cores; and 2. Only the median apparent dip for fractures within the 10-ft intervals is shown. Where there was an even number of measurements, the median apparent dip was equated to the arithmetic average of the two middle values.
Low median dip (< 40°) appeared in 14 locations as shown in figure 10 ; it was attributed to low-angle fractures with vapor phase mineralization that tend to follow the foliation of the rock. More information on this fracture log is presented in appendix 3. 
Comparison of the Preliminary and Detailed Fracture Logs
The number of fractures was the only common parameter in both the preliminary log and the detailed log. Therefore, only this parameter plus the calculated fracture frequencies will be discussed in this section. Table 3 shows a summary of the two studies. The length of available core as mentioned here is the length of recovered core. In some cases, part of the recovered core was distributed to other participants before fracture count was conducted for the preliminary study; the distributed pieces may have had intact fractures.
As mentioned in the section on "Preliminary Log", all visible fractures were recorded. However, in the detailed log, only fractures with traces larger than the core diameter were recorded. This difference in recording criterion may account for the disproportionately larger number of counted fractures in the preliminary log. Figure 11 shows the distribution of average fracture frequencies from both the preliminary and the detailed studies. Except for the bedded tuffs, the fracture frequencies calculated from the detailed log is approximately half that calculated from the preliminary log, which is equivalent to the proportion shown in table 3 without adjusting to the difference in available core for each study. Figure 12 shows the counted number of fractures relative to depth from the preliminary and detailed fracture logs per 10-ft interval.
Deviation Logs
Deviation logs were required to know the location of the borehole with depth relative to its surrounding. The data consisted of the wellbore inclination and the azimuth of the plane of inclination, both at specified depths. Two deviation surveys were made and are listed in table 4. a Two runs were made: an in-run (top to bottom every 50 feet), and an out-run (bottom to top every 50 feet). The two data sets were not made at the same depth points; depths were staggered to make 25-foot increments.
b A caliper log was combined with this log (see section on "Caliper Logs" for more details).
The deviation log made on March 15, 1993, was used to compute wellbore departure from an assumed vertical axis that goes through the center of the borehole at the surface. Departure was calculated using two methods: (1) the sectional method and (2) the minimum curvature method.
The sectional method was developed by Long and Mitchell (1992) . Calculations of departure were made using three data sets: (1) the in-run, (2) the out-run, and (3) the two data sets combined (see table 4). Figure 13 shows the results of these calculations at different depths. Point (0,0) corresponds to the borehole-center coordinates at the surface. This method was used to corroborate deviation calculations made by the service company that made the borehole measurements (see next paragraph).
The minimum curvature method was described by Taylor and Mason (1972) . The same three data sets used in the sectional method also were used by Eastman Teleco to compute the wellbore departure using the minimum curvature method. The program used for the calculations was not released by Eastman Teleco because it was considered proprietary. Figure 14 shows the results of these calculations at different depths.
Both methods give similar solutions for the angle of curvature between survey stations. The strength of the sectional method is that its solution for the linear displacements dependent on the angle of curvature is continuous for very small curvatures. The minimum curvature linear displacement solutions are discontinuous as the angle of curvature approaches zero. Consequently, the American Petroleum Institute (1985) showed that the conventions for use of the minimum curvature method is to assume no curvature for curvatures less than 0.25 degree per 100 ft of measured depth. Thus, there could be minor cumulative errors if enough stations have curvatures just bejow this cutoff value, if the minimum curvature method is used. A more detailed comparison between the two methods and sources of error in directional drilling is documented in Mitchell (1992) . Figure 15 shows the north-south and east-west departure calculations based on the two methods. Figure 16 shows the calculated true vertical depth relative to departure based on the two methods. The maximum difference in calculated departure and true vertical depth using the two methods did not exceed 0.01 ft. The true vertical depth at measured depth of 1,643.00 ft was 1,642.34 ft. Because the difference between measured and true depths is relatively small, depth corrections were not made to the data presented in this report; that is, measured depth is used throughout this report. Table 5 lists the caliper logs made in this borehole after its completion. Caliper logs were required to calculate the borehole volumetric capacity relative to depth that is needed to estimate the amount of grout and other fill materials needed when the VSP geophone string is emplaced. Video logs made in this borehole did not show locations where the actual hole size exceeded the limit of the caliper log. Such sections, had they existed, would have been identified by a constant caliper reading along such sections. The constant value would correspond to the maximum measurable diameter of the caliper log. 
Caliper Logs
Video Logs
Video logs were made during the drilling operation for three purposes: (1) view stuck or lost objects down the borehole, (2) demonstrate new types of cameras to check their applicability in dry-drilled boreholes, and (3) observe potential wetting of the formation while drilling. Effects of the following parameters on the quality of the image were examined to determine the best combination in UZ#16, which was considered a dusty borehole: (a) resolution; (b) field of view; and (c) centralizer usage.
Two sets of recorded video logs were made: video logs of cores and the open borehole. Video logs of cores were made with a video camera as soon as each core was retrieved to the surface. The images were one-sided (that is, the core was not rotated while being filmed). The original copies of the recordings are kept at the SMF. Several down-hole video logs were made. The main purpose of these logs was to view the borehole prior to running other logs so that restricted or caved sections may be identified. Table 6 lists the logs made in this borehole with their purposes. Made to observe potential wetting effects on formation due to drilling.
Run prior to running a neutron log to examine borehole.
Oriented color video. Run prior to running a caliper log.
The camera had a Sidescan lens combined with a gyroscopic-orientation tool; tool was run to water level; sidescan recordings were made at selected levels. 
Other Geophysical Logs
Well logs presented here were made after total depth was reached with the exception of the neutron logs made by the USGS. All logs except the ones marked as prototype were run under a qualified QA program. The prototype logs were either newly developed by the logging services or their applicability in volcanic rock was experimental. Detailed studies on all logs are being conducted. Because this borehole was dry-drilled, well logs that did not require drilling mud to properly operate were used. Table 7 lists the geophysical logs made in this borehole. Table 8 lists the information obtained from each log. with various gains prototype log; shortest tool spacing was used at 670 ft the detectors became saturated prototype log; two passes were made prototype log; third pass aluminum activation portion of tool was used prototype log; spacer used between neutron source and detector prototype tool; tool inside a 7-inch sleeve containing plastic prototype tool; no spacer was used between neutron source and detector 
WATER DETECTION AND SAMPLING
Water-Detection Strategy
One of the objectives of this study was to detect wet zones and the level of potentiometric surfaces. To achieve this objective while drilling, cores were visually monitored for any increase in the amount of moisture. On the basis of measurements made in neighboring boreholes UE-25 a#l and USW H-4 ( fig. 1) , the saturated zone potentiometric surface was expected to be about 1,605 ft deep (based on borehole collar elevation of 4,000 ft). The depths of perched water zones were not known prior to drilling. The first moist zone was observed in the core run between 1,609.38 and 1,614.49 ft. This core appeared entirely wet; water was dripping from it. Down-hole water sampling continued after this observation until the final depth was reached.
Water-Sampling Methods
Bottom-hole water samples were retrieved with bailers. The bailers were small enough to pass through the drilling string past the coring or reaming bits into the cored or reamed sections. Water sampling followed coring or reaming cycles. When a sample was retrieved, its pH and conductivity were measured. The remainder of the sample was chemically analyzed later. The down-hole water-sampling procedure was performed as follows:
a. If sampling was desired after a coring cycle, the core barrel was pulled out of the drilling string; b. To facilitate bailer retrieval, the drilling string was pulled off the bottom far enough to allow the bailer to rest on the borehole bottom without protruding past the bit; c. The bailer was lowered to the bottom of the borehole with a wire line. It was left from a few minutes to several days (over weekends or holidays); d. The bailer was retrieved to the surface; e. If the bailer was nearly or completely full, then steps c and d were repeated until all the bottom-hole water was retrieved (this step applied only to zones where water did not quickly flow into the borehole).
In some cases the bailer was lowered past the bit in open-hole sections and was successfully retrieved. Two types of bailers were used ( fig. 17 ). The two types and their advantages and disadvantages are listed here. The ball valve filling mechanism type bailer was equipped with a bottom hole and a ball valve above the hole. When the bailer was set at the desired depth, the valve allowed water to enter the bailer. When the bailer was retrieved, the valve rested on the valve seat and sealed the bottom hole. This type has the following advantages: (a) the minimum water level required for sampling is smaller than that of the overflow filling type bailer; however, the water level has to be slightly above the ball valve seat; and (b) easy to clean. This type has the disadvantage that when the collected water is muddy, the mud causes a poor seal and allows the water to leak out while the bailer is being retrieved. Leakage is indicated when the inner walls of the bailer are wet while the bailer is empty. The overflow type bailer was equipped with an inner tube connected to the bottom of the bailer. When the bailer was set at the desired depth, the water entered into the central tube and overflowed into the bailer. It has the advantage of eliminating leakage problems. Its disadvantages are: (a) to collect a sample, the water level in the borehole has to be over the top level of the inner tube; and (b) it is more difficult to clean. The inner tube is especially difficult to clean when the bailer is used to sample muddy water.
Some of the ground water was collected and stored in anticipation of using it with the injected air while drilling; however, such requirement was not needed. Ground water from the same borehole was to be used to minimize formation contamination with foreign materials. 
Depths of Wet Zones
Information in this section was gathered while drilling and coring. As stated earlier, the static water level was expected at 1,605 ft of depth. Core from the interval 1,604 to 1,609 ft appeared dry. The first wet core was from the interval 1,609 to 1,619 ft; the first bottom-hole water sample also was retrieved from this interval. Recovered cores from 1,619 ft to 1,649 ft appeared dry. Some water did accumulate at the bottom of the borehole and was sensed with a down-hole water-level meter; however, the water height was not enough to allow it to be sampled (see section on "Water-Sampling Methods" for a discussion about this problem). This observation indicated that the flow rate into the borehole was low. Cores after 1,649 ft of depth appeared wet and water samples were collected. When the depth of 1,669 ft was reached, the water level rose and stabilized at 1,605 ft of depth. A chronological list of water detections in borehole UZ#16 is presented in table 9.
Ground-water samples were retrieved with bailers as described in the section on "Water-Sampling Methods." On-site and off-site chemical analyses were made on the retrieved samples. The chemical compositions of the retrieved samples were not considered representative because: (1) too small a volume was collected; (2) most of the collected samples were contaminated with cuttings and were muddy; and (3) at 1,619 ft of depth, a sample was collected after a water-level measurement in which salt was used on the tape of the depth meter as a wetness indicator, which artificially altered the conductivity and pH values. 12-02-92 1,109.0 Free water was observed on a borehole deviation tool after it was pulled out. Prior to running the tool, air was circulated for 24 minutes. After noticing the moisture on the deviation tool, a bailer was run in the borehole; it came out empty with condensation on the top two-thirds of its body. This moisture was suspected to be caused by water condensation rather than ground water because it covered the upper part rather than the lower part of the bailer.
12-04-92 1,149.0 A bailer was run in, and was dry when retrieved the following day. The water at the bottom of the borehole was air-lifted by lowering the drilling pipe and circulating air in the pipe; 50 gallons of water was collected in the sample collector at the surface. While the interval 1,628.9 to 1,640.6 ft was reamed, another volume of 50 gallons of water was collected at the surface. 
APPENDIX 3. DETAILED FRACTURE LOG
By William Thordarson In the section on "Fracture Logs," counts of total and vuggy fractures, and median apparent dips were shown. Logging method and recorded parameters also were described. In this appendix, additional fracture information is presented.
Vugs, Fracture Apertures, and Porosity
The width and length of vugs or tension openings are measured with a ruler. In figure 11 , the number of vuggy fractures at depth intervals was shown. The number of recorded vuggy fractures and fractures with tension openings was 587. The density of vuggy fractures seems to correlate positively with total fracture density, with breccias, and with slickensides. The increase in abundance of tension fractures, vugs, tension openings, and porous breccias between 760 to 1,200 ft may be due to tension fracturing caused by the possible nearby fault zone from 1,155.5 to 1,220.1 ft that was indicated by the major slickensides.
The vugs occur in veinlets in which the vugs appear to represent remaining channelways as the fracture was being filled with minerals such as calcite, stellerite, mordenite, quartz, tridymite, opal, chalcedony, and manganese oxide. These channelways were seen on cores that had split along mineralized fractures where drusy crystals or crystal surfaces indicated openings between two sides of a vein or veinlet in the process of being filled. The mineral fillings of stellerite may have some porosity between the rectangular zeolite crystals. The tridymite in the vapor phase fractures generally had a porosity of 0.05 to 0.20 along possible channelways with vapor phase mineralization. The fracture porosity of the cooling fractures appears to be least where the fractures are tightly closed, but they may have some porosity where they are broken apart slightly due to later tectonic stresses. The major and minor breccias generally had vugs and tension openings. The porosity in the breccias is probably greater than the porosity in ordinary fractures.
The widths of the vugs or openings in fractures and breccias generally were less than 3 millimeters in width; maximum observed widths were about 7 millimeters. Figure 18 shows number of fractures with different apertures relative to depth. Figure 19 shows the aperture distribution in the Tiva Canyon and the Topopah Spring Tuffs only. The fracture density of the Topopah Spring Tuff as shown in figure 19 is of the whole member, although most of the fractures with measurable apertures are concentrated in the lower part of it as shown in figure 18 . The presence of vugs or openings suggests that there is some interconnected porosity that might allow flow of fluids such as air or water along permeable pathways. The extent of many of the fractures was generally not determinable away from the borehole.
A notable occurrence of water was reported to flow from porous open fractures in the depth interval 1,614.1 to 1,614.4 ft during coring operations. The main open fracture dips 65°, and it is intersected on the footwall by four open fractures that dip 12° to 28°. These fractures appeared to be natural and had some discoloration but lacked mineralization.
Siickensides and Rubble Zones
The 32 slickensides that were found in this test hole are divisible into two classes, major slickensides and minor slickensides. Major slickensides are those with traces that span across the examined fracture planes. Minor slickensides are those with traces contained within the examined fracture planes. The seven major slickensides are generally strong, brown, well-defined slickensides found at a depth of 671.6 ft in the middle nonlithophysal zone of the Topopah Spring Tuff; in depth intervals of 1,155.5 to 1,156.1 ft and 1,165.2 to 1,166.1 ft in rubble zones in the lower vitrophyre of the Topopah Spring Tuff; from 1,190.2 to 1,191 .2 ft in a rubble zone in the lower partially welded to nonwelded zone in the Topopah Spring Tuff; and at a depth of 1,220.1 ft in the tuffaceous rocks of the Calico Hills Formation. These major slickensides suggest that there is a fault zone between 1,155.5 and 1,220.1 ft. The 25 minor slickensides are generally faint traces of slickensides on scattered manganese oxide spots; these minor slickensides may represent weak shearing action along some fractures. The dip of both major and minor slickensides generally ranges from 58° to 89°. A graph of the number of rubble zones and total and major slickensides per 10-ft interval is shown in figure 20 .
Breccias
The number of breccias identified in this study was 135. They were subdivided into two classes: major and minor. Thirty-three major breccias and 102 minor breccias were identified. The major breccias are generally 20 to 50 millimeters in width and are usually found in rubble zones in the core boxes because the drilling reduced the weak, porous breccia to rubble fragments. Some of these major breccias may represent fault movements, but slickensides were generally found associated with them. The minor breccias are generally 1 to 5 millimeters in width along fractures and probably represent minor crushing action along the fractures. The dip of measurable major and minor breccias generally ranges from 55° to 90°. 
